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SECURITY INFORMATION
S STTUS REPORT 16

7For Januairy, February and March, 1953

Contract No. V,9onr-81801
Pro~ect No. NR031-364

This report is a brief description of the status of the work
on liquid metals for tre months of January, February and Llarch,
1953@. Technical Reports will be submitted from time to time to
cover significant phases or accomplishments in the program.

The outline for this report has been changed in comparison
with previous reports in order to group similar experiments, thus
giving a better arrangement to the report so It may be more useful.

I 1000 KW HELT TRANSFER UNIT

The above titled "Task" cafl8 for the design, construction
and operation of liquid metal loops to deal with a high temperature
heat transfer system of 00 KV7 energy transfer capacity within the
temperature range of 1000OF to l3%O°. Such an investigation, when
comiploted, vould result in benefits to suppliers who design and
construct equipment for a higher temperature and longer life speci-
fications than hitherto required, an increase in the technology of
handling liquid metals at higher temperature and an increase in
the personnel available to design and operate high temperature
liquid aetal systems.

In order to carry out this task order with a fair degree of
"over specification" the following loop design specifications were
chosen.

I* A NaK loop operating between a temperature range of 1500-
1150OF will transfer heat from an oil or gas' flame to a
Na system through suitable heat exchangers.

2. & Na loop operating between a temperature range of 1400-
11000r will transfer the heat absorbed from the WaK loop
to an air sink until all components had been tested at
specified temperatures, pressures, eta.

3. The air sink will be replaced with a water-steam loop
operating with lOUOF feed ',ter and producing steam in
the range of 500 psi to 1200 psi with sur-rheat tempera-
1,4T -arying from 650 to 1O000F.

4. Capable pumps ar4 suitable instruments, valves, etc. will
be provided for a good test.

rrA
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ISECURITY INFORMATION
Progress on this taslr has proceoded to the point where most

of the main items have been receivod and erection 18 toking plase.
The rest of thin section deals with t.he present status qnd progress
during the last three months.

1. Piping design has been completed for the air cool.

system. This design includes stress analysis, pipe pre-
heatin, leak detection, thoemal Insulation and pipe sup-. ports*

2 , 1pa.olta12. Installation specifications wore vritten
r titer. Intermediate heat exchanger, sodium

coolerr 'nap, sodium pumq, flow meters and ex'ansion
tanks.

3. V S . The flow sheet for the water system was fix-
some specifications were written for components.

4, imLIgUN . Specifications were written for Instruments
£ for both thair cooled and water cooled systems.

fe "IM*11ana. Cold trap, sludge meoters ad a liquid

metal saapling system wore designed.

3. •ni~inz2.zi

is L%23=0 lith the completion of the stress analysis, all
equipment locations are now firm; piping design and draw-
ings are complete.

2. E",jg1 e Foundation drawings for all equipment are

3• 0 Supports for suspended equipment and for
h enigned, ordered and detail drawingsare being com~pleted.

4* 220U0.20i Procurement specifications have been com-

C. pr2ciaiin13
I* 29st gl. Construction completed &a proviousl- re'.nortedo

2. PuM and aerorator

a. ,ea• inUh Delivery of this equipment was made
o••March 26, 1953- * anufacturer performed leak testing

0-2-
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SECURIIY INFORMATION
1U =ass speotrometer method with satisfactory results.
1 unit has been set in position in the test cell.

b. HOMo2olat 22R*ra11 Performance tVsts are now being
Pun by bhe ai•ao •rer, De!ivery shou!d be made by
April 10, 1953.

3. Fi 101g This unit was delivered February 19, 1953.
Leak kttIng proved it to be satisfactory. The uimt has
been erected In positior in the test cell*

49 Se). This equip.
men s been dere3 t for as, and found to
be satisfactory (as previously reported).

5. 141oa ,*). Delivery Is
promised froAug~ust 1953,

6, Heater. Seamloss tubing has been delivered to the manu-
fatfr-er and the unit is under construction. Shipment
is promised before April 30, 1953.

7. ValveT, The first piston o;orated type valve was deliver-
-edondr arch 3, 1953. It has been leak tested and found
to be satisfactory. The second valve is now under con-
str•uction, Delivery Is expected before April 30, 1953.

8. BgjhuokValve.u The three check valves were delivered on
1eh2 93 Leak testing has been completed and has
pI-oven the units satisfactory in this respect.

9. _••chakiq l. Pumn This pump is now in the shop. Delivery
1IS 8Gi8 fr the end of M•ay, 1953.

10. Iteam. geperator and SpeMrheatr. Flnal dcaving -.evisions
are now being made and a quotation being prepared with
materials now beina., procured.

11. Stam Coenser and Poougr. Mirchase order Is being pre.
'pared Delivery Is promised alontg dth Steam Generator.

12. Iaftr Uinz0i. A1.1 Indicating, recording and control In.-
strenisa nece!sary accossorias have been ordered,
Delivery of Same instruments has already been made. Con-
trol instruments, panels, and accessories for the heater
have been received.

Control instruments. penels and operating switch goar for
the homopolar generator ari the electromagneaLie pump will
be delivered with the equipment*

-I..
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SECUirIT INFrMA
'3. al.•i• 1m Charg and expansion tanks, cold traps,

and covergs feat are all under construction.
Piping, fitting, insulation and heaters are on hand.

I. Pi ng., Erection of piping Is proceeding satisfactorily.

2a Jod All major equipment for the sodium loop In
' k " and construction has begun.

3. MaK -1 on. Construction of the NaK loop will begin after
Sompili on of the sodium loop connstruction. Final comple-
tion of the NaK loop Is dependent on arrival of the heater.

'4a _ga _u p1, A 4-inch gas line has been laid to 'nrovide
r1lent natural gas for the heater*

5 o. c . Contrecta have been let to make add,-
tona elecri power available at the test cell. It Is
expec-ed that this work will be completed- about 2ay 8,
1953.

6.e SM-Bv Power. A foundation and shelter for stand-by

Ipowr generators is now under ecnstruction. Expected
date of completion Is April 12, 1953.

1. A•l&-nChalmer' tEimn. Allis-Chalmers' 1A pump was In-
stalled In a test loop and performance tests run at the
1000 KW NaK conditions. The pumr was operated success-
fPil7 at 130 GPU while delivering 28 lb./sq.in, total
dynamic head at temperatures to Il50•W. The pump effi-
ciency at these conditions was 11.4% (this efficiency
should be Increased by uving a drive motor of proper
soe).

2. H-vdRallic Pressure Lqoses. A water loop was constructed
to measure pressure drop throagh various piping geometries
and through the components. Pressure drop measurements
wore made through the Griscom-R.ussell intermediate heat
exchanger, the Lwikenbeimer valve and several piping as-
semblies.

3.* 32l . Sample welds in type 316 stainless steel pipe
were made to Navy specifications and examined. X-ray i-
amination c" these welds has been completed and i"a-m3
are now being examined for metallargical derotnt

-4-
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-MOainer nV78ve In tho 1.A pump loop for perfotmane

Mi F. M . Arrangements have been made to cell-
rat e Ha nd sodium flow metors against a water

calibrated venturl meter in the 1 pump loop.

6. R. k static loop for testing the Atwood-Uorrill check valves Is now under construction.

SA. Unit Oberation

This section of the report deals with engineering funda-
montals where the information collected may be applied to the de-
sign of many engineering univs.

1.. Heoat jTrnsL19f

a. 791ocIty-Tomeraturo Pgrofil. This workl ia intended
to add to fundamentat Imncledge of heat transfer in
liquid metals. A ourrelation of velocity and tempera-
ture profiles will permit a determInation of the ratio
of heat nnd momentum diffusivities and consequent re-
finements in the ealculation of heat transfer coeffi-
cients.

Current work Is concerned with establishing the feasi-
bility of using an adaptation of the F.M. flow meter
to determine the velocity profile of a liquid metal
stream. Several profiles have been taken on NaK
(56 wt. % K) in a 2-inch N.P.S. test section .ndtr
isothermal conditions with a 0.018 in, diameter probe*
A preliminary correlation indicates agreement to with-
in 75 of Nikuradso's predictions. Future work vill
entail more experiments with the velocity probe under
isotharmal conditions and the construction of a oiool-
Ing loop for making profile measurements under heat
transfer conditions.

b. Natural Cir91 atnt1Q. Natural circulation with •TaK
(56 wt* A K) Is being studied on the shell side of a
vortical unbaffled 19-tube stainless steel , ex-
changer (1/8 in. o.d. tubes, 12 in. long, iaslde a
1 In. shell). The data lie bolov McAdams correlation(l)

("NLcAdams, V. Ha, "Ifeat Transmission", 2nd 5dition, UcGraw-

iliil Book Co., Inc., Neo York, U. Y. (194i p. 243.

-5-..-



of NU vs. Or,-Pr for horeisp aylinders and 4geeM
with Eckert's formulation" 0 for Uquid mstal natural
circulation aroand horizontal cylindePe. Plots of
Stanton number against Reynolds number show no chanese
in the transition fom thermal circulation to forcdelreulationt an R.M6 romr was Installed Inl the nat-

uirl cirulationlp these studies.
e. MM=4, Same Interest has been a..pes

liquid metals In a eross flow
exchanaer. zaormation on We subject would also be
of value In predicting the perforsance of baffled ex.
changers in which cross and parallel flow are combin-
ode

A ulastia model of the proposed exchanger has been
made and will be used to visually study the flov char-
enteristics of dispersing vanes* This work Is pro-
ceding under a low priority.

d. V Tub Ste _ Thie single tube steam
enerator-wasorlgaaLjbuilt to test the performance

of the suggested double wall tubes to be used in the
1000 V beeat transfer unit steam generator. To date
three tubes have been tested and a Technical Report is
being written. Sevoral additional check runs were made
dur hs "report period on the solid wall tube. Do.
te'- I•1 o tion on this experiment may be obtained
frm the Technical report when it 1s issued. Due to
the considerable aount of calculating and rechecking
this report will not be available until May 1, 1953.

The equipment Is being modified In order to make a
life test of one of these tubes using the Mark B specl-
fieations (temperature, pressure, etc.). Further de-
tails on this latter experiment will be found on page
14.

2. * The thermal shook apparatus, see next
page, Is usd to test the ability of various reactor sys.
:r coporehnts to withstand the rapid temperature changes

5 anticipated during "scram operations". The test In made
by quenching heatod spe~imons with cold We. Surface tem-
perature changes of 55O"F per second hove been obtained
with resulting calculated transient stressas of 130,000psi (assuming no plastic flow). The thornal shock ap-

(2)Eckgrt, LH. Re.,e "Transfer of Heat and M~ass", .11-Graw-
Hill Book Co., Inc. New York, N. Y., (1950) 19. 158-162.
Bonilla, C. i, S. C. Hyrian and 3. W. firlich, 11atura!
Convection Transfer Processes, Preprints of ,'aper for
Heat Transfer Symposium at Forty-fourth Annual Meetin•.
&e,.Ihst.CheM.1,2grs. (1951). pv6 (1951),.

-60; . ," .G 1,,w•,.\PA.Cal,



0

Ii 1 2 

5

I. 

I I

* I 

I

.-.. 

.-. 

if
£

/1 
1

I'i' 

-

I 
-. -

-- -. 

'�1

I w)

I �

.1

Ld :7 '/iii
I0�� 

'El 
gi�t
w I



j7

paratus has been idle since January 4 because of the lack
of specimens. A Mark A tube sheet specimen is now being
installed and will be tested during the first half of
April. A tube sheet specimen fror Griscom-Russell is
scheduled for delivery April 21, 1953.

3.9-Ha 4 wNDW- reactor). Although the past work on
hazardc has been of a fundamental nature, the last three
months were devoted to the testing of a particular geometry
requested by KAPL. The purpose of the tests has been to
evaluate the hazard, should leaks develop in a heat ex-
changer containing water and liquid metal.

Two runs have been made, during this report period to
determine the results of a reaction between NaK an& water
in thin annular space. The annular space was 0.0625 in.
thick and 24 in. long formed by a 1 in. pipe inside a 1I4

In. pipe. The equipment sat vertical with the seal be-
tween the NaX and 1120 at the top of the annular space.
Before the seal was broken the water was at 350OF under
400 psi nitrogen pressure and the NaK at a higher temper-
ature under 200 psi nitrogen pressure. On breaking the
seal the VNaK pressure immediately rose to the water pres-
sure; after 1* hrs. standing, there was no change. Vhen
the water pressure was dropped 20 psi the NaK pressure
followed immediately. If all of the available NaK (loca-
ted only in the annular space and the k in. connecting
ipe) were to have reacted with the water to form NaK
ydroxide, the pressure on the system should have gone to

approximately 1100 psi.

.hen the equipment nas cleaned the water-NaK interface
(this interface was more probably NaK hydroxide-NaK) was
located in the ¼ in. horizontal pipe connecting the bot-
tom of the annulus space with the NaK expansion tank.
Since all of the NaK did not r3act and since the maximum
possible pressure was not reached, the mechanism of the
reaction was probably as follows. The water, urder the
higher pressure, started down the annular space on the
breaking of the seal. This water reaUted with some of
the NaK, producing both NaK hydroxide and hydrogen and at
the same time forced some of the NaK back into the expan-
sion chamber compressing the nitrogen cover gas. The pres-
sures in both eXpension caamers became equal at about the
time the Interface moved into the t in. piping. The re-
action came to a standstill at this point because either
hydrogen or highly concentrated NaK-hydroxide solution or
both kept fresh water from contacting additional NaK.
Since the hazard tests are made in the same testing area
as the single tube steam generator, no plans are being
made for future tests within the next three months.

.-
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The information covered In this section of the report deals
with the status of the development ef items such as pumps, instru-
menat, e•c.

a. &,L.. PuzR. This section describes E-M. pumps required
intheopration of experimental loops on this project.
In E.A pump design and development emphasis is belng
place4 on operation at high liquid metal temperatures
and bprovement in operating efficiencies.

1. Cons&Zuqtion. Four R.M. pumps have been completed
daring this quarter*

One 25 OPGP 30 PSI E.m. pump, Conduction type
One 5 GPM, 20 PSI L.Z pump, Conduction type
One 0,5 GP1P 200 PSI H,.V pump, Conduction type
One 3 GPM, 20 PSI L.U* pump, Conduction t?"po

The first three pumps are to be used on valve-test-
Ing loops and the fourth on loop operation above
10000F. &M0. pumps to be built in the next quar-
ter are as follows,

Four 5 GPU, 30 PSI E°e rumpfs (Conduction type)
for use with the Lankenhelmer piston operated
valves now on order,

One 120 GPM, 30 PSI E.m, pump (Conduction type)
for full scale testing of the individual com-
ponents of the 1000 0W Heat Transfer Unit.
which are not In use in tho main loop,

Five 3 GPM 20 PSI E°.X pumps (Conduction type)
for use in connection with sludge motors on
the 1000 KW Heat Transfer Unit.

lie Degn - &.Cp Con ion. 0The field core end
coils for a 120 WHO, SI E.H. pump have been
designed and are nor under construotion. After
tests have been made on this unit the armature
will be designed and construction of the pump
completed. Recent investigations in EoM. conduc-
tion type pump design indicate that the efficiency
of the pumps designed prior to February c ean
be greatly Increased at some sacrifice of s8ze
and weight. Redesign, construction and testing
of many of the previous models will be mAde in
the next quarter.

-8-
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SECUKrY .... .
Iil, Deetem An. An experimental A.C.

IndaCtion type E pomp has been designed
and constructed. Tests are now being conduc-
ted using a pumping section having a rectangu-
lar cross section with inside dimensions being
O.35 in. x 1.6 in. x 28 in, long. Seviral
pumping sections have been fabricated and each
will be used to determine the flow rate for
different air gaps.

b. Meohanical PumbA - Solid Qodium Seal. The snlid sodium
seal program was designed to gather information for the
1000 KT! heat transfer unit and to supply fundamental
information. The purpose of the test is to design a
seal between a rotating shaft and molten sodium by us-
ing the solid sodium as the sealing medium. The program
has been divided into three sections; Fundamental, Gland
Testing and Pump Testing.

i. "a ime - A spare drill press has been con-
verted for quick screening tests of ideas. The
design of the seal housing and sodium containers
has been drawn, approved and is ready for con-
struction.

ii. Gland Tesling. This section of the program was
started first and has furnished the information
to date* A packing gland test was set up and
performance measured over relatively long times.
Sodium flor past the gland was obtained by nat-
ural circulation and the temperature and pressure
or the sodium at the end of the shaft was in all
cases 10000F and 12 psi respectively.

Tro shaft materials have been used; one stainless
steel and the other mild steel with the packing
area metallized with a Chromium, Boron, Nickel
alloy called ColmonoyL Metco H. The longest run,
before failure, with the stainless steel shaft
was 170 hours. The longest run with the metal-
lized shaft was 1242 hours and the test failed
due to the bearings rather than the packing. A
report has just been completed on this phase of
the program and shoual' be ready for distribution
soon'

iii. PU InpTet• A standard pump was conv3rted for
use wlah a solid sodium seal but upon assembly a
leak w&s discovered in a flange. The flange see-
tion has been redesigned for welding.

-9-

AA



to;teq on all three phases of thG program.

a. glow Metert The purpose of this work has been
to compare the calibration of an HeM, flow meter ob-
tained by physical constants (flux, electrical resis-
tance, and physical dimension measurements) with actual
calibrations obtained by performance tests using liq-
uid metals at operating temperature. The report on
this phase of the work is awaiting final checking of
the electrical resistivity data on the various NaK al.
loys at high temperature before final decisions and
checking.

This group also calibrates E.M. flowmeters by either
of the above methods for use on loops within the pro-
ject. The folloring were calibrated.

I. Two 120 gauss magnets for I in. pipe have
been calibrated by physical constants for use
on the life test of the double wall tube loop
(Section II-C-4)o

ii. A flow meter to be used on the NaK cooling
stream of the Homopolar Generator was cali-
brated by the physical constants method.

Special search coils for the E.M. flow meters on the
I000 KW unit have been completed and a thorough meas-
urement of the flux pattern of the 1000 KW unit flow
meter magnets is now in progress. These measurements
will be completed during the next quarter.

b. fludeMe.0 An approach to a sludge meter is being
studied with a design in which one side of a J in. o,d,
tubing by-pass will be cooled until the oxide begins
to deposit on the cold wall. Deposition should be in-
dicated by a drop in the overall heat transfer cooef-
ficient, a change In the flow meter readings at the
entrance and exit of the by-pass section or a change
in the AT across either the by-pass or the cooling
section.

Several successful runs have beenperformed at an
oxygen concentration ;0.01 wt. . Experimentation
hill continue to determine the feasibility oZ this de..
vice for use as a sludge meter at lower oxygen levels,

G. Aigh Temperature Pressure Element. The high tempera-
ture pressure element was designed primarily for use

-10-
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with high temperature sodium. The pressure is trans-
mitted by a rod in a cooled zone from a diaphragm in
contact with the sodium to a second diaphragm where
the stress is measured by a strain gage. The purpose
of the cooling of the rod is two-fold in that it eli-
minated tomperature effect at the second diaphragm and
also acts as a frozen seal should the first diaphragm
rupture. A report on the high tempe?ature pressure
element has been written and after slight revision will
be distributed.

The plans for the next three months call for improve-
ments In the design so that the gage can. be calibrated
during operation.. Improved design strain" gages will
also be tested,

3, Vale - Piston berated. The Westinghouse-Crane piston
operatd valve test was set up as a test for the 1000 KW
heat transfer system. The valve is normally closed by a
spring and is opened by pressure actin on a piston. A
test on this valve to temperatures of_ F.OOF wa2 reported
last November in Memorandum Report 24,

Since the last report an EM, pump has been built to de-
velop the operating pressure of 200 psi. The use of this
pump will replace the method of using nitrogen pressure
which was cnnaldered a hazard when high temperatures were
involved. This pump will soon be installed and the test
continued.

4. Cold TZa• . XQO gound yt &. This system see next page,
co.-toins a 500 pound suppiy tan% from whiah sodium is
pumped through * inch pipe past a diffusional cold trap,
the bottom of which is water cooled, and then back into
the supply tank. The purpose is to test a diffusional.
cold trap in lowering the oxygen concentration of a fair-
ly large system from some value over OO.10% to as low a
value as possible. The results from such tests wou'd aid
in the designing of a diffusional cold trap of a size
suitable for SIRe

Two testsi have been run and a third test is in progress,
Tho first two tents were unsuccessful inasmuch as the final
oxygen concentrations were appro".",tely 0.010% and 0.0085
respectively. During the first fast run (7 days) it !s
believed that the connecting pipe between the cold trap
and the main loop became plugged. A better heating element
was placed on this pipe for the second test (20 days) but
did net improve the performance.

At the end of the second test, the loop vas drained and
the cold trap washed out.

;3 .'_-7 '" W -"

C '.
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The third test has been runnin, for 38 days* The initidl
oxygen concentration was approtnmateloY 040131, The last
severn samples have shown an average coneentration of
0.008%. The cold trap temperature Is lpprox1mately 200OF
at Its bottom and the main loop In Morro Scme doubt has
bamon expressed as to the reliablity of thee& results
since the oxygen sample may not be repreosentative of the
pot because the agitation loop was not working and a for-
eign matorial was found floating bn the surface of the
sodium. The agitation loop is being repairod with the ad-
dition of a sampling tank and further tests have been
scheduled.

•0 Saljosine - ,Ox~en Con&; od Atmosphere. r•nough ongin-
eroing date has boon taken to permit the design of a s13.

compact unit to maintain the oxygen content of the ataIos.
hoere In a specified chamber as low as 5%. These tests

ye been completed and a first draft of the report -has
been made*

Based on the optimum operating conditions of the 100 psi
and 2 atm obtained from these tests, a new Salcomine unit
was designed to meet the following conditions submitted
by KAPL.

Is Maintain a 5% oxygen atmosphere with 0ol •ft air
leakage to chamber.

ii.. 60 - 90 day life on Salcomi:ne.

This unit is reotangular in shape. 15-5/8 In, z 11 in. x
8-5/8 in. and capable of holding 10 lbs. of salcomine
packed on the shell side, with water flowing through the
tubes for temperature control of the bed.

The assenbly drawing of the unit was completed and the
unit is being fabricated by tho Griscom-Russell Co. A
suitable piping design has also been completed for the
allotted space of 2 ft. x 2 ft. x 4 ft.

The new Salcomine unit will be tested along with the con-
petitive BDirer ,init suppliod by KA PL. Conditions of the
test will approximate Mark A conditions as nearly as pos-
sible* The present firefighting chamber (volumo 4000 cu.ft.)
will be used and fitted with a metered "leak". Data will
Include the time to reduce the oxygen from 7% to 5% and
the effect of humidity. Amy additional tists required can
be determined in the future.

C. gratLgnj

Tho information to be found in this section deals with the
life testine and the performance testing o.f equipmenýinsulation,
etc. 't
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1. I p On October 18 19%2 the SIR Mark A insulation

was chosen, At this time It .as decided to make a fer ad-
ditional tests on the insulation as sup plied by Johns-Man-
ville for Hark A. Materials for these tests are not yet
available, but plans are being made to run the followin"
six tests to check t.e reaction betreen 8500? sodium and
the thermal insulation.

Test Leak Size Compartment Atmosphere
Diameter • 02 (bal. 1;2)

In.

1 1/16 20

2 1/l6

3 1/32 5

4 1/32 5

5 1/64 5
6 1/64 5

2. Oeration An effort is being made to de-
velop an E.H, pump o operate at 15000F so that pumps of
this type may be used to test other components at this
high temperature.

Previous failuros to develop such a pump were due tc fail-
ure of the bus bars to adhere to the pumping section at
elevated temperatures. However, this problem has been

solved by Nicrobrazing solid nickel bus bars to the stain-
less steel pumping sections. Aftor 400 hours of operation
at 15000F, of which the last 300 hours were continuous,
two electrical limeraion heators failed but the pump per-
formance did not change and mechanically it appears as
sound as initially. The loop will be modifiod so it can
be heated externally and will be operated continuously
at this elevated temperature for a period of from 30 to
60 days. After the pump has proven its operational abil-
ity, other components can be tested at these high tempera-
tures, i.e., valves, heat exchangers, etc.

3- Life LLV.a. This loop was s&u•t down c:4d drain-
ad -st fall after 4t years operation as a natural circula-
tion heat transfer system. Low priority has prevented dis-
mantling the system. It is planned to cut out the piping
under an inert atmosphere and examine the pipe sections for
evidence of either corrosion or deposits. Any deposits wi!l

-13-
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be removed and analyszed cehmtally, Sections of the pip.-
ing will later be examnmed metallurgically.

49 LJtStam gne.gtor. The equipment used for the
single tube steam experiments is being modified Into a
1life test of a two tube steam generator for KAPL to prove
the tube design.

Figmre I shows a flow sheet for the life test. The only
change In the primary loon is the steam generator and the
addition of a Leat exchanger in the NaK stream at the
point where the NaK leaves the furnace. The secondary
loop is the steam generator NaK inlet temperature control.
The temperature required at thermocouple 4 on the primary
loop will control the flow from Pump 2. The NaK-air cool-
er will operate at full load at all t.imes.

The life test consists of a number of temperature shocks
of the following pattern.

a. The temperature of the NaK ontering the steam generator
at normal conditions vill be 8200F. At fifteen minute
Intervals the tenperature 411 be chpnged over a 30
second time period from 820'? to 700"F whare it will
be held for 14J minutes, then back to 820oF and held
for 141 minutes for a total of 1000 cycles. These con
ditions will be controlled automatically by the use.
of the secondary loop. During the teoperatare change
period the NaK flow rate will vary with temperature
from 100 to 20% flew. At the qnd of every 5 cycles
heat transfer data will be taken.

b. After 200 cycles h&ve been completec' at condition "a",
condition "b" will be interposed at regalar Intervals
for a total of 20 shocks. This test calls for 2hang..
ins the intitial NaK Inlet temperature from 850,7 to
65010F in 2 seconds. This will be aocomplished alsowith the use of the secondary NaK system.

c. Four times during the 1000 cycles required by oondi-
tion "a" the inlet NaK temperature will be changed
from 850OF to 14000F over a eiod of five minutes.
The change will be accomplihed by dropping the flow
rate in the primary NaK loop.

d. Four times during the 1000 cycles program the Inlet
NaK temperature will be changed from 850OF to 10800F
over a period of 60 seconds. This change will be ae-
comnla shed by dropping the flow rate In the primary
locp.

-14-
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e. Four tiers during the U000 oycles the inlet NaK tem-
porature will bo changed from 800°F to 14000 F over a
period of 60 seconds. This change will also be accom-
plished by dropping the flow rate of the primary loop.

- The conditions set in sections b, as d and o will be held
for a period of 15 minutes and returned to normal over
the same time Interval that produced the original change

- at which time heat transfer data will be taken.

The steam generator and the NaK to air cooler are sohed.-
uled for delivery by April 10 1953. All other major
items have been received and installede Operation will

mowence as soon as the steam generator can be leak test-
ed and installed, allowing three or four days to adjust
the controls,

Since the presence of Iron In the sodium in stainless steel
systems may be undesirable the behavior of Iron in sodium is be-
ing investgated as a function of oxygen content, sodium tempera-
tUres and cold trap temperature.

IN ý' r n n6 A 41 4 & Iron had
always en present n relive rge amounts in stain-
loss steel cold trap residues, but it is possible some
of the Iron was the result of oxygen accelerated Oorros-
ion in tho cold trap. To determine the extent of iron
migration from a stainless steel loop to a cold trap, a
nickel cold trap was put on a stainless steel system
where the oxygen content of the sodium in the sygtem was

S0.0005 wt. ,@ The loop Is being operated at 2=407F with
no oxygen additions, tho col4 trap holding the oxygen
level at 0.00_2 to 0.003 wt. 2* Analysis of the cold trap
contents will indicate the magnitude of iron transfer at
low oxygen levels with the a-surance that, any iron will
have come from the stainless steel loop.

2. Sgtate Nitli E219 with ColLe. The behavior of Iron
no ur saso ngsu static nickel potsIn sodium Is also being studied nsacniklpt

having i in. NPS cold traps 10 in, longs Iron end oxygen
concentrations are followed as a function of tho cold leg
temperature.

*- 1 5- .- "".-) .,
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;t• m•L thus far are prosented below.

I • ,,

Pot #I Pot 12

Wt. 02,Y P .. O% 02 pP 1 .Cold Log Ca old Leo Pot- ! I-..- . .
0.022 19 830 1930 0.912 10 761 980

I Cooled cold leAg for 24 hours.
0.003 i 10 200 19201 0.003 10 250• 05D

Reheated 0old log
0.014 13 875 1965! 0.00, 8 8Q .010

Cooled cold log
0.003 8P8 3. 17601 0.003 7 220 815

SoReheated o1d log
o0.007 9 865 192D1 0.40 7 8o0 1

Aside from the first ocele there ws no reaturn of Iran tothe pot and less return of oxygen each time the cold leg
as reheated. No Iran had been added to the o'tst theonly source of Iron being that which was In the charged

sodium.

Based on these eIsults It may be concluded that (1) Iron
is Init2ially reo-ed by a @old b•+", _ t iron will not cold
trap to values below apprzadmtelj 7 ppm when th Oxygen
content of the sodium in low mand (2) cooldApp Iran and
o%!=en will not return completely to the main of sod.
Ion

Future work will entail the determination of Iron conoen.
tration In sodium u.Aier controlled oxygen conditions both
in a pumped nickel loop (loop 9) and In the static n..•zl
potes

3. I= 20lubI2±trYi Ud~im. The stainless loop with a nickel
cod-trap-(esrit d•at 1. of this section) has boon
running at an oxygen level of 0.002 to 0.003 wt. % for two
months an ideal situatlcn for the determination of iron
solubility at low oxide content. The loop temperature
was 4roppod from 10000 to 40FUF in 20CP steps and Iron
samples taken after 24 hours at each temperature; Ihe
data appears on the next page.

-16-h
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Sa 9 170

601 816
390 6 170

• ,

1. uaga hZnnftzx. TMe migration ct stainless steel compon.b
onto thpnw? sodium to at cono orn for access to Mauk A
and B omponents. Radloactiw souooes of 347 sta1631ss
steel hav been 1mmers~d Ln ft._Fi sodiux a W 800 both
with and without a 230•? e-%T arc,=b the loop. The velo-
city of the sodium varied from 0.2 to 2 ft/sec. and the
0c'Imf @cflt.Gat was 0.007 wt. %o

Using a source which was six months old the contam1ia-
tion around the loop Initiallr rose to AO qp= above bmak.
ground, with 100 Mpa (0.1. tube uncorected for geometry)
at the sampo site, Further Imnersion produced no add4-
tionai contauination nor was there any significant local.
iseti.on of eontli/nahcia.

Under conditions as described above with a three month
old sample the count rate rose to i4o 0pa around the loop.
the rise oecurring within 24 hourn after immersion. There
zas no 16irther contamination. M.en received this sample
was covered with sodium and contaminated with fission
products. The sodium and fission products were removed
an completel as possible with aleohol, water and acid
Sw8hesp but It Is conceivable some fission products were
absorbed Into the stainless sample. Sodium samples taken
from the loop showed hLgh,6 activity.

A stainless steel strip (tYpe 347) ii beLn irradiated at
BNL and should be available within t•o months. lxperi-
ments are plPnned to investigate tho effect of oxygen on
mass transfer. An attempt will be made to determine more
accurately the extent of mass transfer and a cold trap
will also be used to investigate localization of contam-
inants.

-17-
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2* 1 MAd-61. IUSA Wef asked yKAPL to consider the

bilflio buiding a modelof MPtr A~ beat exohange
system too scale In canjunotion with ALes con-

nlderations of tha me experiment, The model was to be
uned for mesa transfer experiments, uwAd*- Mark A oondi-tions and especially under the sawe goometria ration ak

exists between Mark A aomp ormnta. After aoan.,..ration
of the datU furnishad by KAPL it appeared that construe-
tion and operation of the Model would not completeoy sat-
4sly 81l the re uIrements and therefore the date colloeted
womid be 1jamplatee. It was recomended that separate ex.-

mnte. evaluating all the factors to be considered In
theMark nodel. would furnish infornation which would
also be applicable to future systems as well as to Mark A.

Co..

1. = lim Various metals have been
oso to 15K as 15OU for 500 hours with oxyen samples

before and after each test. Thes tests were
" ojiunotion vith the 10O0 V' unit and basic "esearch.

LAn Igonel specimen after bei tested, showed a 3% weight
gain and was fod to be nagnwtie, The statnless steel
specimen holder (1/16 Ins rod) had also become corrd edand magnetic., 2he 02 content varied rp 0.xO to 061600

I.AAnother inconel specomen was tested under similar condi-
tion ezeept that the apparatus for this test contained
a cold trap vhich was %eed to maintain the oxylen content
at approximately 0.04 The results of rest showedthat the speemen had a 0.02% weight lose with no sign ofbeing magnetie.

At the present time a test Ls being run on a specimen
oonsisting of two different types of metals threaded to-
gather. The metals ari stellite 6 and type 316 stainless
steel. This spea.=- awAD. be tested for galling after ex-
posure to NaK at 1000O? for 500 hours. The test will be
completed April I.

A report Is being written on the results of all specimens
tested to date.

2* I _a 16 Various materials suit-
abeor e lOectrcra nsuatOn Dave been exposed to NaK
at temperatures of 250 and 3000?. These tests have varied
In length from 2 weeks to 6 months. These tests were run
in order to aid In the design and operation cf the homo-
polar generator for the 1000 KW unit. The six month and

hree month tests on nylon rod, molded nylon Butyl and
Buns S are completed. The results of these testa will
be reported in a memorandum report. It Is believed that
these last two tests rinish the Zlectrical Insulation Cor-
%;oslon pr.ogram.

i . ,
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I- IV

Not Date -Subject LoainPestles mye

le 1.5-3 Aacessibi34ty U1LI 1.ukdhngtong, NRL9 G-3 anM k~

2. 1.9-53 Life Test of MBL, O.2a27,y Pa GwRq NBB and NUA
Dtiplex Tiabe

3. 1-14-53 Liquid Metal MBk, Cal3.ery.Pa. Deti'oit..Udisong
Tsehnlog~'ONR-Pittaburgh

and INA

4. Is-21453 Oxygen Content Coii-1016 CalleryPa. 0ý-B and IBS
tz't~fld Atms~ophere

5. 1-27..53 Beat transfer MBAs Callery.Pa. (6R9 0-4 and US&
Components

6. U2,.29.3 Erasard Testing 0ý-Rv Nasslion, G-fl, 0-9 an4 MSA
1i20-VaIC Reaction Ohio

7. L.2c-.3 LLquid Metal 06-29 Sahneoctady G-3 and USA
1-30-53 Technololar Now York

8. 2.,r3.53 Heat Transfer NSA, Oaflery.Pa. California Research

2-6-53 Camponents, & Development and

4)9. 246m-53 Inspection MBAs CalleryPae 9 MW W BA G

10, 21-19-.53 Heat Transfer NsA, CauewypS. onwmt'3i,

and USA

110 211-20-.53 UISA Program NSA, Ca~l2rytPao NRB and EBLA

12. 2.26-~53 Z.H. Pump and Westinghouse Westinghouse and USA
Homopolar Genera- Pittsburgh, fa*

13. 33-53 Heat Trani fez MBAs CsllerypPae kilL and USA
Component..

14. 3.4-53 V16laing 3MBA OallerysPa, BuShips and Ift

15. 3-6-53 $team Generator IS&, Qaflez'ylPg* G-f and IMA

16. 3.134-3 Inapeaction IML, CalleryPa* OlR.-Pittsburgh and
* NHU



Viati m Cftrnoe - muned ECUKWIIY kORMAI 'O

1.3-18.53 BStea System NEBB: ?IShehgtofl, NnB G-R G-H

19o 3-35 olU. Poop and West-ni Was~ghu GaM
Ronopolmi owerh.la Pittabirghgh a.MBA
tor

20. 3-27-.3 Bfloylw HBAp 0a11.rypf * OU-New Yo3*
ONR.-Pittsburzgh and8
NSA

21. 3-2743 Steam Gener'ator NB3A,, OallwypPa, G-6A am XSA

ITO
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RU'ORTS ISBM=]
on

Date TA Title Au1:hee
U20-f3 B81baas Reporesar 11 roe Re Ce Weroar,
1-0-'3No's 15 Octeter, aevmber and eteele

2-2753 sao 4Mu DeortPrellainary Deport 4 Re Me Shrut
No oon Thermal Shook R. A. JldbUll

2..2753 rApparatus

I
,2-271-53 Nsmor An-- Report Foasbillty of Xedel 3,Wo Nautelner

N oe 27 Operation for Mass 2, ze7. o

333 Xntera ert I interlm Report R.C. Warner,S3-3-53 Ineri. eo e eTrr
Noe uary I to Febrary *t.al,

3-9-53 techical Report Removal of NaO fro& B. P, Dhtutis
No.e1 a NaX arstuml Osing a 8.1.. Walters

Natural Circulation Z, r7. Uausteller
Cold Trnp

'-"-' Nemorsndua Report Pre"liia Report 3 C.C. Anrw
No. on Analytical LoopD . C. Kim

3-12-53 Nemorandum Report The Applcation of T. 'we Naustefler
Noe 29 Cold fan to theAeeosslt..ly Probl"

!

• * Previously ealoed Monthly Report; no Issued betueen •t•tus
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VI DISTRIBUTION OF PERSONNIL

1000 IF BEAT TRAlSPZR UNIT

A. Design - R. A. TIdbal4.F. L. Ltsnold N .V *2 Shrutst
D. R. Bosle8y) and B. No Towerl'

B. Monoring - 3. No Lewis, P. T. Haugley and Z. X&

Richter

C. Procurement - J, No Lewois V. J3 Reed and J3 K. Richter

D. Construction -. 1. e Lois, F. G. Mann and 3, K. Rienter

3. Testing - Re. A•T 31b - No U. Shrut, F. L. Ma•rgold andA# Re Bosleirl)

.II N.,GINEIEING

A. Velocity-Tempera tre Profile - T. W. Mausteller end
"R. He Rahiser

B. Natural Circulation. Jo W. lausteller and M, J. XcGoff

C. Cross Flow 1.z'rhengor - J. We ]jutellr and 3. N.Gordon•

D. 8ingle Tube Sveam - B. 0. King and R, C. A--d.,ewa

I. Thermal ihoax -, Re. Tidtll and He M, Sbrut

Fe Hasards (rd.t-faK ?*;action) - B. C. King and E. C.
Andrews

0. ZONJ Pumps - Un. A..
I* Construction -G. B. Meeker, Jr.
2. Design - A*.C. Cor-u-'ttion- .W H. Wlahl and Go. B.

M~kerJr.
3. Design - A4C. Induotion - R. . Baker

(M)On loan from Orisoom-Russeil Compars'
(2)On loan from estlinghouse >2'.apany

o(3)n loan from Biaw-.maox Dlvisson
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H, Mechanical Pumps - Solid Sodium Seal - E. C. King and k;

V. K. HocIel,

I. BM, Flow Meter -M H. !a.'.hl ane J. Ro Taylor

J. Sludge Meter - J. V. Maustellor and J. N, Gordon

K. High Temperature Pressure Zlement - go C. King and
V. K. Ilsokel

L. Valves - Piston Operatod - E. C. King

N. Cold Trap - 500 Pound System - E. C. King and R. C.
Andrews

N. Sslcomino - Oxygen Control Atmosphere - E. C. Kir.g at.-,
too Ulilich

0. Insulation - R. A. Tidball

P. Oporation Above 10000F - N. H. Wahl and o. E. 9ee0."

Q. Life Test - Thick W7all - Re. A. Tidball

"R. Life Test - Steam Generator E. C. King and R, C.
Andrews

III CI STRYL•. .

A. a ickel Cold Trap on Stainless Steel System - 3. T.
Hausteller and S. J. Rodgers

B. Static Nickel Pots With Cold Leas - J. LVausteller and .
S. J. Rodgers

C. Iron Solntbillt.7 in Sodium - J. We. Uausteller and S. J.
B ,dgers

D. Mass Transfer - J. W. Mausteller, E. r, Batutis and
J. N. Gordon

E. Mark A. Model - J. W. Mausteller, M. J. 'cGoff and
3. N. Gordon

Ps 1500oF Unstress Corrosion - S. C. KIng and R. C. n1ndrers

G. Ilectrical Inisulation Corrosion - ., C, King and P. C.
Andrews N
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